Although irritable bowel syndrome (IBS) is the most common gastrointestinal disease and is found in up to 50% of patients referred to gastroenterologists, its pathogenesis remains unexplained. Lately most attention has been focused on visceral hypersensitivity related to dysfunction of the autonomic nervous system. Although there have been many reports regarding the autonomic nervous system in IBS patients, the results have not always been consistent. In many studies, increased sympathetic nervous system activity and decreased parasympathetic nervous system activity have been the most frequently noted differences when IBS patients are compared with healthy controls. There are also some differences among IBS symptom subgroups and some differences between men and women. Data from previous studies have been inconsistent, with complicating factors resulting in difficulties in classification and the possibility of multiple physiological pathways for a similar symptom picture. Further studies based on the Rome III criteria are required to evaluate whether or not autonomic functions significantly differ from each other. However, although there are many methods of measurement for evaluation of the autonomic nervous system, there are few of these methods that are not only accurate but also cost-effective, non-invasive, and easy to perform. Recently, we developed a new method with the abovementioned advantages for measuring fingertip blood flow in evaluating the autonomic nervous system by continuous-wave Doppler sonography. Using this method, we found that abnormal fingertip blood flow responses suggested the presence of excess sympathetic activity.
Introduction
Irritable bowel syndrome (IBS) is a functional disorder that affects 10% to 20% of the population worldwide (Pan et al., 2000; Ringel et al., 2001; Gwee et al., 2004) . IBS also accounts for 12% of visits to primary care physicians and 28% of referrals to gastroenterologists (Mitchell et al., 1987) . In a survey of health service utilization, the odds of a patient with IBS incurring charges were 1.6-fold greater than for a similar asymptomatic individual, which translated into overall median yearly charges of $742 in 1992 dollars for each patient with IBS compared to $429 for controls (Talley et al., 1995) .
IBS produces health consequences in addition to its economic costs. IBS produces disability rates equal to or greater than those for severe organic gastrointestinal (GI) disease and is the second leading cause of absenteeism after the common cold, with patients with IBS missing three times as many work days yearly as persons without IBS (Schuster et al., 1991; Drossman et al., 1993; Walker et al., 1995) .
IBS is characterized by altered bowel habits and abdominal discomfort in the absence of organic disease. No clear diagnostic markers exist for IBS and thus diagnoses are based on the clinical presentation. The Rome III criteria for diagnosis of IBS include at least three months of continuous or recurrent abdominal pain or discomfort that has two or more following features: improvement with defecation, association with a change in the frequency, and a change in stool form (George et al., 2006) .
Inappropriate treatment for patients leads to poor patient satisfaction. Understanding the pathophysiological mechanisms underlying these conditions has, therefore, become an important matter in treating them. However, the pathogenesis of IBS is poorly understood. At least two etiological mechanisms, altered bowel motility and increased visceral sensitivity, have been proposed to account for the GI symptoms observed in patients with IBS (Mayer et al., 1994) . It has been suggested that the autonomic nervous system can modulate visceral sensitivity and that the central nervous system can influence the motility and secretory activity of the GI tract by way of autonomic pathways via the enteric nervous system (Iovino et al., 1995; Vandler et al., 1998) . It has also been suggested that subtle abnormalities in the autonomic nervous system are an underlying factor in the symptoms reported by patients with functional GI disorders (Bockus et al., 1928; Bharucha et al., 1993) .
For these reasons, the autonomic nervous system is considered to play an important role in the pathophysiology of IBS. In this report, we will first review autonomic dysfunction in patients with IBS, and then we will introduce a new method for evaluating autonomic nerve function that we recently developed.
Modulation of the autonomic nervous system and patients' response to stress
Physiological stimuli in the gut elicit appropriate reflex responses to perform the digestive function (Malagelada et al., 1989) . Normally, the digestive process evolves unperceived, but under some circumstances, patients may experience abdominal symptoms. IBS is characterized by abdominal pain or discomfort combined with alterations in bowel function. As early as 1928, it was hypothesized that dysfunction of the autonomic nervous system contributed to the symptoms seen in IBS (Bockus et al., 1928) . The sympathetic and parasympathetic branches of the autonomic nervous system mediate central nervous system communication with the gut, largely through modulation of the third autonomic nervous system branch, the enteric nervous system. Through its three divisions, the autonomic nervous system modulates and coordinates GI motility, secretion, and immune function (Elenkov et al., 2000; Hansen, 2003) . Modulation of the autonomic nervous system, including increased sympathetic nervous system and decreased parasympathetic nervous system activity, is an important part of the organism's response to stress. The resulting changes in GI function may provide the mechanism linking life stress and affective states to IBS symptoms.
Autonomic nervous system function in IBS patients
Some studies have investigated autonomic nervous system function in patients with IBS. Of these, the main ones are shown in Table 1 . Results have not always been consistent, possibly due to differences in sample characteristics, assessment parameters, and conditions under which measurements were taken. As might be expected, increased sympathetic nervous system activity and decreased parasympathetic nervous system activity were the most frequently noted differences when IBS patients were compared with healthy controls (Table 1) . Recently we reported on autonomic nervous system dysfunction in patients with IBS using fingertip blood flow as measured by laser Doppler flowmetry (Tanaka et al., 2007) . We found that IBS patients had increased sympathetic nervous system activity, which is consistent with previous studies.
Diarrhea-predominant patients with IBS show an increased level of anxiety and high excretion of free epinephrine in urine (Esler et al., 1973) . Heitkamper et al. reported high levels of catecholamines and cortisol in urine in women with IBS (Heitkemper et al., 1996) . These data are consistent with the above reports, including ours, that patients with IBS have increased sympathetic nervous system activity. Patients with IBS are known to have a higher incidence of mood disturbances, anxiety, depression, somatization disorders, and psychologic distress (Drossman et al., 1977) . Therefore, one explanation for the increased sympathetic activity in patients with IBS might be increased psychologic arousal and distress. Sympathetic activation has been shown to increase perception of intestinal distention (Iovino et al., 1995) , which might explain the frequent abdominal pain and distention reported by patients with IBS. Although whether these autonomic nerve dysfunctions are a result or cause of the pathogenesis of IBS is an important issue, we can not answer exactly for it. If autonomic nerve dysfunction is a result of IBS, one would expect to see more autonomic nerve dysfunction associated with a longer duration of IBS. However, no significant correlation has been reported between the duration of IBS and severity of autonomic nerve functions.
Differences in autonomic function among IBS symptom subgroups
According to recent Rome III criteria, IBS is divided into four subtypes based on predominant stool pattern (Table 2) . However, there have been a few reports regarding the difference in autonomic function among the IBS subtypes according to this criterion. Since almost all previous reports were based on the Rome II criteria, in this report, we review the difference in autonomic function among the IBS subtypes according to the Rome II. The Rome II criteria classified IBS into three subgroups, a diarrhea-predominant type, a constipation-predominant type and a painpredominant type (Drossman et al., 2002) . Some studies reported differences in the autonomic activity of these IBS subgroups. Aggarwal et al. found the vagal dysfunction of IBS patients to be particularly associated with constipation-predominant symptoms, whereas they found adrenergic sympathetic dysfunction to be especially associated with diarrhea-predominant symptoms (Aggarwal et al., 1994) . Elsenbruch et al. (2001) reported that IBS diarrhea-predominant patients differed from constipation-predominant IBS patients in their postprandial cardiac autonomic and cortisol responses. Namely, diarrhea-predominant IBS patients were shown to have autonomic and cortisol hyper-responsiveness unlike that of constipation-predominant IBS patients and controls. Robert et al. (2006) , on the other hand, observed elevated sympathetic dominance and vagal withdrawal during non-REM and REM sleep in diarrhea-predominant IBS patients, but not in those with alternating type IBS. However, constipation-predominant IBS could not be distinguished from diarrhea-predominant IBS or alternating type IBS with regard to autonomic activity. They concluded that there might be a continuum of autonomic dysfunction among these symptom subgroups. Tillish et al. (2005) reported the same results as Robert et al. (2006) . Our data (Tanaka et al., 2007) were also consistent with these reports. Data from previous studies has been inconsistent regarding bowel habit effect, with the complicating factors being difficulties in classification and possible multiple physiological pathways for a similar symptom picture.
Further studies based on the Rome III criteria should be carried out to evaluate whether or not autonomic function in IBS subgroups differs significantly.
Sex specific alterations in autonomic function among IBS patients
Generally women are diagnosed with IBS two to three times more often than men in western countries (Everhart et al., 1991) . In addition, women make up 80% of the population with severe IBS (Longstreth et al., 1993) . Recent evidence has confirmed that sex differences exist among IBS patients in terms of perception (Chang et al., 2001) , central response to visceral stimuli (Naliboff et al., 2003) , and colonic transit response to pharmacological treatment (Viramontes et al., 2003) . Tillisch et al. (2005) reported that the autonomic differences seen in IBS appeared to be particularly due to changes in male subjects. They also found that male IBS patients had significantly higher sympathovagal balance than healthy male controls, whereas no differences were noted between IBS females and female controls. But some reports have been in disagreement with the above findings. However, differences in autonomic nervous system responses to specific stimuli may also play a role in producing sex-based variations in IBS symptom patterns and in differential responses to some pharmacological agents (Chang et al., 2002; Mayer et al., 2004) .
IBS patients often have cutaneous hyperalgia
In humans, the sympathetic nervous system modulates perception and reflex responses. Increased sympathetic nervous system activity and decreased parasympathetic nervous system activity are the most frequently noted signs in IBS patients, which leads to the possibility of visceral hypersensitivity in IBS patients. We often observed cutaneous hyperalgia in IBS patients (Tanaka et al., 2007) . The present study could not determine exactly whether or not this was a result of impaired extrinsic gut nerve activity, but this finding is supported by several previous studies. Mayer et al. reported that patients with IBS also exhibited a number of extraintestinal manifestations such as migraine headache, back pain, heartburn, dyspareunia and muscle pain consistent with the central hyperalgesic mechanism (Mayer et al., 1994) .
Association between cardiac autonomic nerve function and abdominal autonomic nerve function
There have been many reports regarding autonomic nerve function in patients with IBS, but they used methods for measuring several cardiac autonomic nerve functions, such as beat-to-beat heart rate and blood pressure variation in response to deep breathing, postural changes, the Valsalva maneuver, and cold stress. Nowadays, spectral analysis of heart rate variability is available as a modern computerized techniques to evaluate cardiac autonomic nerve function.
Although these measures of autonomic nervous system activity do not directly provide information on the role of the autonomic nervous system in gastrointestinal function, Buysschaert et al. (1985) reported a close association between cardiac and gastric autonomic function. Additionally, Emmanuel and Kamm found that cardiovagal tone, as measured by heart rate variability, correlates with rectal mucosal blood flow and colonic transit, further supporting the relationship between cardioautonomic measures and gastrointestinal function (Emmanuel et al., 2000) .
New method for measuring fingertip blood flow response to evaluate autonomic nerve function
From the aforementioned point of view, the autonomic nervous system may be considered to play an important role in the pathophysiology of IBS. There have been many good methods for evaluating autonomic nerve function, but they have been required the active cooperation of patients, time or cost-consuming with consequent difficulties in tenderization. At present, laser Doppler flowmetry (LDF), which assesses microcirculatory blood flow in the skin to a depth of about 1 mm, is the most commonly used method for assessing peripheral autonomic dysfunction (Abe et al., 1996; Shiihara et al., 1999; Raamat et al., 2002) . Carried out at the fingertips, this technique can be used under resting conditions and also during phasic sympathetic activation by means of deep inspiratory gasps and brief electrical stimuli as well as during tonic activation by sustained painful stimuli (cold presser test) or by mental arithmetic. With ongoing progress in ultrasonographic techniques, continuous-wave (cw) Doppler sonography is now increasingly being used to measure microcirculatory blood flow. This method is cost-effective, non-invasive, easy to perform and, most importantly, readily available in the vast majority of facilities. We developed a new method for measuring fingertip blood flow to evaluate autonomic nervous function by cw Doppler sonography. The experimental protocol is described in detail below. The study was performed after overnight fasting. All subjects were instructed to refrain from smoking, eating and drinking after 9 PM the previous night. First, the subjects rested in the supine position for approximately 30 min to become acclimated. Room temperature was kept uniform at 24°C. At the end of the acclimatization period, we confirmed that the skin temperature at the fingertips as measured by an infrared thermometer was above 30°C in all subjects. Fingertip blood flow in the second finger of the right hand was assessed by cw Doppler sonography. After baseline measurement for at least 5 min, the subjects received sympathetic stimulation from cold stress applied without notification in the form of an ice bag (0 °C) upon the left forearm for 1 min. The fingertip blood flow response was measured for 5 min. A representative time-velocity waveform is shown schematically in Fig. 1 . After at least 5 min, fingertip blood flow velocity was stable and was taken as the value of Vpre. After cold stress, the velocity of fingertip blood flow decreased sharply within a few minutes (T1), and then remained near the minimal velocity obtained (Vmin) for about a minute (T2-T3). During the recovery period (T3), fingertip blood flow velocity gradually increased, returning to the velocity at the baseline (Vpost) at the time point designated T4. Using this method, we demonstrated that the fingertip blood flow of patients with IBS had significantly lower Vpre and Vmin, a significantly longer T4, and a significantly lower fingertip blood flow response than that of the control subjects, reflecting increased sympathetic activity (Fig. 2) . Comparison of fingertip blood flow velocity at the baseline between the irritable bowel syndrome and the control subjects using continuous-wave Doppler ultrasonography. Vpre was significantly lower in the IBS patients than in the control subjects (P<0.01).
Closing remarks
There is sufficient evidence to conclude that IBS is an important medical disorder with significant impact on those afflicted with regard to symptom severity, disability, and impaired quality of life. Furthermore, the burden to society in terms of direct health care costs and the indirect effects including work absenteeism, exceeds that of most gastrointestinal disorders. To date, no single shared etiologic factor has been found in patients with IBS. In recent years, attention has been drawn to the relationship between abnormal brain-gut interaction and the pathogenesis of functional gastrointestinal disorders. Nowadays, it is generally recognized that abnormal brain-gut interactions play an important role in IBS. The autonomic nervous system in humans may mediate abnormal brain-gut interaction like the sympathetic nervous system modulates perception and reflex responses to gut distention. Although some studies seem to indicate such a relationship, the detailed mechanisms still remain unexplained. The detailed role of autonomic dysfunction in patients with IBS requires further evaluation.
